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• Improvements to take into account varying atmospheric conditions have to be implemented

• Nevertheless time-restrictions should be in focus for civil protection headed before scientific 

numerical effort

Particle-in-cell method:

• Dispersion particle trajectory model with concentration evaluation by counting particles in each 

grid cell (Chino et al, 1991)

• Mean wind speed calculated by wind field generator

• Turbulence model based on Gaussian distribution for constant atmospheric conditions

• Diffusion magnitude evaluated by different experiments

• Experimental plume dispersion parameter from Pasquill-Gifford and Karlsruhe-Jülich used for 

turbulence prediction

• Dispersion parameter depend on stability class, source height and source distance

Particle-in-cell method:

 Fast running turbulence model with a 

stable numerical process

 Only a few parameters are necessary to 

run

 All input parameters are easy to provide

 Only stochastically model 

 Turbulence description defined by the six 

Pasquill stability classes 

 Experimental plume parameter depend on 

source height or source distance

 Constant conditions assumed for 

parameter evaluation; varying condition 

during simulation

 Experimental parameter only derived for a 

plume expansion of  10 km

Random-walk method:

 Turbulence descripted as a two parameter 

problem of time and kinetic energy

 Previous turbulence processes are 

considered

 A continues turbulence description is used

 Varying space and time influences are 

regarded

 Turbulence description is a function of 

atmospheric conditions, not a function of 

travel time 

 Input parameter have to be provided on a 

fine model grid 

 Different models have to be implemented 

and compared with each other

 Validation and model evaluations have to 

be set up

Figure 1: Total deposition of iodine 131 calculated with different dispersion models (van Arx et al, 2014)

Comparison of the particle dispersion model

• ABR developed at IKE 

• Atstep, Dipcot, Rimpuff as part of jRODOS

• particle model from the German weather service LPDM

For the comparison a forecast weather situation is used. 

In figure 1 simulations of the dispersion models are shown:

• ABR have a wide opened plum, especially in north-west direction

• ABR plume center follows the main wind direction with high plume 

spread in transverse direction

 Differences of ABR model based on turbulence descriptions

Discussions of turbulence models to improve the particle dispersion 

implemented in the ABR. Requirements of the model:

• Apply both constant and varying atmospheric conditions in space 

and time as influences on turbulence

• Take into account non-isotropic velocity fluctuations based on 

turbulent kinetic energy and Lagrange time

• Use a fast implementation for the parameters turbulent kinetic 

energy and Lagrange time, due to constraints of emergency 

management
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1. Release calculation regarding current fuel loading and nuclear decay for time since SCRAM

2. Wind field generator including topographic influences and atmospheric stability

3. Lagrange particle model with dry and wet deposition of the particle as well as precipitation

4. Cloud-shine computation with adjoint fluxes by splitting the energy spectra of the nuclides

5. Dose rate estimation from ground shine, inhalation and thyroid impact
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